INTRODUCTION
During nuclear fission, the starting microstructure of a nuclear fuel can change dramatically. Localized heating, fission-product generation, defect production (e.g., vacancies, dislocations, etc.) can all have dramatic effects. This is certainly the case for dispersion fuel plates comprised of U-7Mo metallic fuel particles and Al or Al-Si alloy matrix when they are irradiated at relatively low temperatures (100-200°C) to high fission density. The swelling, dimensional stability, and fission-product retention are important attributes of the composite material. Since all phases in a fuel plate contribute to its overall irradiation performance, it is important to understand how each phase evolves during irradiation. One phase that is of interest for U-Mo dispersion fuels with Al and Al-Si matrices, is an interaction layer that forms betweent the U-Mo fuel particles and the matrix. Microstructural characterization of as-fabricated fuel plates show that FMI layers are present after fabrication [1, 2, 3, 4] and these layer can grow in thickness during irradiation. [5, 6] Recent results of irradiation experiments performed in the BR-2 reactor have shown that a noticeable change in swelling performance of dispersion fuel plates with Al-4 wt.% Si (Al-4Si) and Al-6Si matrices occurs around an average fission density of 4. 6 10 21 fission/cm 3 [7] and it is of interest to see how the irradiation behavior of FMI layers may contribute to this increase in swelling. In order to investigate how the microstructure of FMI layers and other phases change during irradiation, different U-Mo dispersion fuel plates have been irradiated in the RERTR-7A experiment in the Idaho National Laboratory's (INL's) Advanced Test Reactor (ATR) and then characterized using scanning electron microscopy (SEM). Recently, samples from U-7Mo dispersion fuel elements with pure Al, Al-2Si and AA4043 (~4.5 wt.%Si) matrices exposed to relatively high fission density have been characterized using SEM in a focused ion beam (FIB) system. A description of the FIB process and how it is employed to characterize irradiated fuel can be found in [8] , and the type of features that can be resolved in the generated samples has been described. [9] In the past, microstructural characterization of irradiated RERTR dispersion fuel samples using SEM has been typically performed on polished surfaces. The benefit of the characterization of FIB-generated samples using electron microscopy is that fission-gas bubbles and other features are not smeared due to sample polishing because such distortion has the potential to change some of the features being characterized. Comments will be In order to investigate how the microstructure of fuel/matrix-interaction (FMI) layers change during irradiation, different U-7Mo dispersion fuel plates have been irradiated to high fission density and then characterized using scanning electron microscopy (SEM). Specifially, samples from irradiated U-7Mo dispersion fuel elements with pure Al, Al-2Si and AA4043 (~4.5 wt.%Si) matrices were SEM characterized using polished samples and samples that were prepared with a focused ion beam (FIB). Features not observable for the polished samples could be captured in SEM images taken of the FIB samples. For the Al matrix sample, a relatively large FMI layer develops, with enrichment of Xe at the FMI layer/Al matrix interface and evidence of debonding. Overall, a significant penetration of Si from the FMI layer into the U-7Mo fuel was observed for samples with Si in the Al matrix, which resulted in a change of the size (larger) and shape (round) of the fission gas bubbles. Additionally, solid fission product phases were observed to nucleate and grow within these bubbles. These changes in the localized regions of the microstructure of the U-7Mo may contribute to changes observed in the macroscopic swelling of fuel plates with Al-Si matrices.
KEYWORDS : Electron Microscopy; Nuclear Fuel; Research Reactor; Uranium Molybdenum Alloy, Microstructure made as to how the microstructure of FIB-generated FMIlayer samples compare to polished samples. In addition, how the fuel/matrix interaction layer responds to exposure to the combination of high fission density, high fission rate, and relatively low temperature will be highlighted. In particular, focus will be given to microstructural features like fission-gas-bubble size, morphology, and location, along with the location of different fission products.
EXPERIMENTAL

Fabrication and Irradiation Testing
The fuel plates in the RERTR-7A experiment employed highly enriched uranium (HEU) U-7Mo powder that was produced using a rotating-disk centrifugal atomization process at INL. [10] The Mo content in the as-atomized powder was measured by inductively coupled plasma optical-emission spectroscopy to be 7.17 wt%. Table 1 shows the U-7Mo powder size distribution used for fabricating the 6g U/cm 3 -uranium-density fuel plates. Fabrication of the dispersion fuel plates for the RERTR-7 irradiation experiment employed the standard steps for fabricating dispersion fuels for application in research and test reactors. [11] In short, to make a fuel plate, the U-7Mo powders are blended with Al or Al-alloy powder to meet the target fuel loading. The blended powder is formed under pressure into a compact, and the compacts are placed in the cavity of a 6061 Al alloy "picture frame." Cover plates are added to form the top and bottom cladding. This assembly is welded together and rolled to form a plate of proper thickness. Hot rolling is performed in multiple passes, during which the plates are in the furnace for approximately 100 minutes at 500°C and for 15 minutes outside the furnace during the actual rolling, for a reduction of approximately 85%. The plates are then cold rolled a further 10-15%-in two or three passes to achieve the final thickness-rough sheared, and run through final processing steps. Subsequently, the plates are exposed to the relatively high temperature of 485°C for around 30 minutes during a blister anneal. This fabrication step ensures that no blisters, which would be an indication of poor bonding between the fuel meat and the cladding, develop on the surface.
The RERTR-7 experiment was a relatively aggressive test, with high surface-heat fluxes (i.e., high fission rate and densities). The enrichment used was 58% 235 U; to reach aggressive testing conditions in a reasonable period of reactor time, it is necessary to employ enriched uranium. The experiment was divided into two parts: RERTR-7A and RERTR-7B. RERTR-7A consisted of 25 fuel plates (including the plates characterized in this study) in four irradiation capsules that were loaded into the ATR in November 2005 in experimental position B-11 for cycles 136A and 136B. It remained in the ATR for both cycles, a total of 90 effective full power days (EFPDs). The high enrichment in RERTR-7A increased the contribution of self-shielding and, as a consequence, the high-flux edge ran approximately two times the power of the low-flux edge. Average burnup of the 58%-enriched fuel was 21-30%, depending on the location in the experiment. When converted to an LEU equivalent to facilitate comparison with other LEU experiments, the average burnup was 62-89% LEU equivalent. Beginning-of-life (BOL) fuel temperatures were <150°C, and peak heat flux was around 325 W/cm 2 . Computer calculations were employed to determine the irradiation conditions for the three fuel plates characterized as part of this study: R3R050, R0R010, and R2R040. Table 2 reports the irradiation conditions for the exact fuel plate locations where sample punchings were generated for characterization. 
Microstructural Characterization
Initial optical metallography images were produced in the Hot Fuel Examination Facility (HFEF) using a transverse cross-section of the fuel plates taken at the midplane. Optical images of the microstructure for the three different fuel plates are presented in Fig. 1 .
From the remaining fuel plate pieces, a 1-mm-diameter punching was taken at the high-flux side of the fuel plate. This was mounted in epoxy to expose a longitudinal cross section and polished through 1200-grit sandpaper. The process is described in [12] . SEM analysis was performed on the the mounted samples using a JEOL JSM-7000F FEG SEM equipped with both an energy-dispersive and a wavelength-dispersive spectrometer (EDS/WDS) and Oxford INCA software. Secondary electron (SE) and backscattered electron (BSE) images were produced to interrogate the microstructure and EDS/WDS was employed for determining compositions of features of interest. Both semi-quantitative point-to-point composition analysis and x-ray mapping were conducted for each sample.
Additional characterization samples were produced from the mounted samples using an FEI Quanta3D Dualbeam FIB. The first step when generating a FIB sample is to deposit a Pt protective layer on the sample surface to reduce curtaining and minimize damage to the specimen surface during milling operations. This is followed by the generation of "lift-outs," which are ultimately obtained at specific locations by coarse trenching a 20 μm 10 μm 1 μm sample. One sample was produced from the fuel/ matrix interface for fuel plates R0R010 and R2R040, and for R3R050, three FIB samples were produced at the fuel /matrix interface. R3R050 had the most Si in the matrix (~4.5 wt.%) and, as a result, was of the most interest in the context of improving understanding of the irradiation performance of high-Si matrix fuel plates (like those irradiated in the BR-2 EFUTURE experiment). Secondary electron imaging was then employed to evaluate the thickness of the FMI layer and the size, morphology, and distribution of fission-gas bubbles and solid-fissionproduct phases. Fig. 2 shows the surface of a polished R2R040 specimen where FIB samples were produced for characterization.
RESULTS
Polished Surface Analysis 3.1.1 R3R050 (AA4043 Matrix)
SEM images of the polished U-7Mo fuel particles at low and high magnifcation are presented in Figs. 3 and 4. It can be seen that a relatively narrow, medium-contrast FMI layer is present around the fuel particles. Fig. 4 also shows the results of x-ray mapping for Al, Si, U, Mo, Nd, and Xe. The Si x-ray map indicates that Si has penetrated from the FMI layer into the U-7Mo. The arrows in Fig. 4b also highlight the penetration of Si that has occurred. To further characterize the behavior of Si during irradiation, high magnification BSE images were generated (see Fig. 5 ). When these images are combined with the results of EDS compositional analysis, it is possible to identify how the microstructural features of the fuel particles change for areas where Si is enriched. In the images presented in Fig. 5 , the depth of Si penetration has been identified. A Si x-ray map is presented in Fig. 5c that can be employed to identiy the Si penetration depth. The highest Si concentration is not observed in the FMI layer, but instead is observed a distance into the U-7Mo. Fig. 5a shows that the largest fission-gas bubbles are observed where Si has penetrated into the U-7Mo fuel.
R0R010 (Al Matrix)
BSE images of the polished U-7Mo fuel particles are presented in Figs. 6 and 7. A relatively uniform FMI layer is apparent. U, Mo, Al, and Xe x-ray maps are also presented in Fig. 7 . U, Mo, Al, and Xe are observed in the FMI layer, and the Xe is also enriched at the FMI/Al matrix interface.
R2R040 (Al-2Si Matrix)
The BSE images produced from the polished R2R040 sample are presented in Figs. 8-10 . Fig. 8 indicates that there are localized areas around the U-7Mo particles where the FMI layer is considered to be very thin. The Si and Al x-ray maps ( Fig. 9b and c,  respectively) suggest that the thicker FMI layers contain appreciable Al and negligible Si, and the regions where the FMI layer is narrow exhibit significant Si penetration into the U-7Mo. The BSE images and Si x-ray maps in 
FIB Sample Analysis 3.2.1 R3R050 (AA4043 Matrix)
Since fuel plate R3R050 contained a relatively high Si concentration of ~4.5 wt.%, three FIB samples were produced at the FMI, whereas only one FIB sample was produced at this interface for the R0R010 and R2R040 samples. The fuel plates tested in the EFUTURE experiment contained either 4 or 6 wt.% Si in the matrix. Figs. 11-13 present SE images for the three different samples. The common observations made from these samples are (1) the thickness of what can be called the "Si penetration region," which contains U, Mo, and Si, into the U-7Mo fuel can be up to 2-3 times thicker than the medium contrast FMI layer that contains U, Mo, Al, and Si; (2) the fission-gas bubbles are largest in the Si penetration region, and they typically contain solid fission products; and (3) some fission-gas bubbles can be observed in the FMI layer.
R0R010 (Al Matrix)
In order to see how the presence of Si affects the development of FMI layers, it is important to characterize a sample from a fuel plate without Si in the matrix. Consequently, one FIB sample was produced from a representative region of the FMI layer. Fig. 14 shows SE images that were taken of the observed microstructure. The arrows in Fig. 14b and c indicate the presence of porsity (possibly a gap) at the interface between the FMI layer and the Al matrix. Unlike the R3R050 sample, no relatively large round fission-gas bubbles are observed near the FMI layer/ U-7Mo fuel interface. Overall, the FMI layer seems to be devoid of fission-gas bubbles, except for regions very near the U-7Mo/FMI layer and FMI layer/Al matrix interfaces.
R2R040 (Al-2Si Matrix)
A fuel plate with 2 wt.% Si in the matrix is of interest in order to obtain information about local areas of a fuel plate with higher Si content, where the Si content may be low. To get this information, a FIB sample was produced from R2R040. As shown in the SE images in Fig. 15 , the characteristics of the observed microstructure are similar to what was observed for fuel plate R3R050. A region of Si penetration is observed that extends from the FMI layer into the U-7Mo fuel, and the fission-gas bubbles are relatively large and round in both the FMI layer and the Si penetration region.
DISCUSSION
Having the capability to produce FIB samples from irradiated fuel has a dramatic positive impact on how effectively one can characterize the microstructure. Having to rely only on optical micrographs or SEM and electron probe micro-analyzer (EPMA) analysis of polished and fracture surfaces limits one's ability to observe all microstruc- tural features. Sample polishing results in smearing of some of the porosity, and the fracturing process can affect how the microstructure is revealed. This makes performing things like image analysis on fission-gas-bubble size and distribution very difficult. The FIB samples have negligible sample smearing. As a result, the size, morphology and distribution of fission-gas bubbles and solid-fission-product phases can be identified. Based on the microstructural analysis of samples taken from R3R050, R0R010, and R2R040, comments can be made about the effects of FMI on the U-7Mo fuel phase and how changes in the FMI layer and in the fuel microstructure adjacent to the FMI layer may impact macroscopic fuel swelling. To determine the starting point for FMI-layer phase compositions and thickness in an as-fabricated fuel plate before irradiation, the FMI layer in U-Mo dispersion fuel plates fabricated at relatively low and high tempeartures have been investigated using SEM and TEM. For fuel plates fabricated at 425°C, a single layer of interaction zone was observed in an as-fabricated sample with Al-2Si and Al-5Si matrices, and this layer mainly consisted of U3Si3Al2 phase. [2] For samples annealed at 475°C, a two-layered interaction zone was observed, with a Si-rich layer near the U-Mo side, and an Al-rich layer near the Al-Si matrix side. U3Si5 appeared as the main phase in the Si-rich layer in an Al-2Si matrix sample, while both U3Si5 and U3Si3Al2 were identified in an Al-5Si sample. The Al-rich layer in the Al-2Si matrix sample was amorphous, but in the Al-5Si matrix sample, the layer mostly consisted of crystalline U(Al,Si)3 along with a small fraction of U(Al,Si)4 and U6Mo4Al43 phases. For the types of fuel plates typically fabricated by AREVA CERCA-like the ones recently irradiated in the EFUTURE and SELENIUM experiments [7, 13, 14] -the plate temperature never exceeds 450°C during fabrication. [15] Therefore, the FMI layer phase identified (as described above for the fuel plates fabricated at low temperature) could be most relevant to these irradiated plates (taking into account the EFUTURE plates had Al-4Si and Al-6Si matrices), as opposed to phases seen in fuel plates fabricated at higher temperatures.
The phases observed in fuel plates fabricated at 500°C are most relevant to the samples discussed in this paper, which were fabricated at that temperature. Fuel plates with Al-2Si matrix exhibited thin FMI layers that contained U(Al,Si)3 and U6Mo4Al43, and fuel plates with AA4043 matrix exhibited both thin and thick FMI layers. [1] The thin layers were composed of (U,Mo)(Al,Si)3, U(Al,Si)4, U3Si3Al2, U3Si5, and possibly a USi-type of phase, and the thick layers were composed of U(Al,Si)3 and U6Mo4Al43. Based on these data, fuel plates that were fabricated at 500°C and then irradiated had pre-existing FMI layers before insertion into the reactor, and these layers contained some or all of the phases described above.
During irradiation at a relatively low temperature, it has been demonstrated that the phases that constitute the FMI layers in as-fabricated fuel plates go amorphous. [16] [17] [18] Therefore, the discussion of phases in the FMI layer of an irradiated fuel plate is not appropriate. Instead, it has been most common for people to describe the composition of the amorphous FMI layers. [6] For this study, the focus is to identify how the microstructure at low-length scales changes in the FMI layer and adjacent to this layer. Due to the lack of Si in the interaction layer of the R0R010 sample, which had pure Al matrix, no Si-penetration zone was observed that extended from the FMI layer into the U-7Mo. By looking at Fig. 14 , it can be seen that faceted fission-gas bubbles are present in the U-7Mo right up to the interface with the FMI layer. However, at the interface between the FMI layer and the Al, porosity could be observed (Fig. 14a-14c) . Based on the lack of fission-gas bubbles observed in the IL, it appears that the fission gas freely migrates through the IL and builds up at the interface with the Al matrix. X-ray mapping for Xe has confirmed the enrichment of this fission gas at this interface (Fig. 7c) . This has resulted in the observation of "fission-gas halos" around the fuel particles when peforming characterization of U-7Mo dispersion fuel with Al matrix using lowmagnification images and x-ray maps. [19] It was suggested that growth of the FMI layer has a sweeping effect on the generated fission products, resulting in the accumulation of fission products like Xe at the interface. The resulting decohesion of the fuel plate from the development of these fission-gas bubbles in the microstructure, combined with the thermo-mechanical stresses in the fuel plate, are thought to result in eventual fuel plate failure. [19] In Reference [20] , it was suggested that no pores were present in the matrix of R0R010, but this observation was based on characterization of polished samples using optical images. The sample-polishing process results in smearing of microstructural features like fission-gas bubbles. For fuel samples with Al-Si matrices, fission-gas bubbles can actually be observed in some areas of the FMI layer of FIB samples and not in others. This may be tied to Si content, which varies tremendously within the FMI layer. Since irradiated dispersion fuel plates have layers with and without significant Si, the fission gases may only be retained in the layer when there is enough Si. Otherwise, the fission gases behave as they do in irradiated samples with pure Al: they go to the FMI layer/Al matrix interface. The Xe x-ray map in Fig. 4g indicates that there may be a more even distribution of Xe for a Si-rich FMI layer, as compared to what was observed for the sample with pure Al matrix. This observation will require further investigation. For other irradiated U-7Mo dispersion fuel plates with Al-Si matrices irradiated in the EFUTURE experiment, significant FMI-layer thickness variation was observed, where the thickest layers were devoid of Si, the thinner layers contained more Si, and the Si x-ray maps also exhibited evidence of Si penetration into the fuel from the FMI layer. [13] For irradiated U-Mo/Al-Si matrix fuel pins, Izhutov et al. have also reported seeing wide FMI layers with no Si, narrower FMI layers with Si, enrichment of Si at the periphery of the U-Mo particles near the FMI layer, and larger pores at the U-Mo/FMI layer interface (where Si has penetrated). [21] Ryu et al. have also reported irradiation results for fuel pins comprised of U-Mo fuel and Al-Si alloy matrix. They observed that FMI layers developed for fuel pins with higher amounts of added Si. [22] In Fig. 1 , it can be seen that significant consumption of the Al-Si matrix due to FMI is not observed for R3R050 and R2R040. However, the penetration of Si from the FMI layer into the fuel may be more of a contributing factor to the development of relatively large pores in the fuel and eventual interlinkage to form cracks (Figs. 1b and 1f) . Data from the characterization of FIB samples show that siginficant growth of fission-gas bubbles occurs where Si has penetrated from the FMI layer into the U-7Mo fuel during irradiation. TEM data show that this region is amorphous. [18] Whereas for the regions where the U-7Mo fuel stays crystalline (outside of the Si penetration zone), the fission-gas bubbles remain faceted and not as large. In a low-fission-density R2R040 sample analyzed using TEM and EDS, the U-7Mo was observed to go amorphous when the Si content was 8 at% or above, and in a high-fission-density sample, the same effect was observed when the Si content was 4 at.% or above in U-7Mo. [18] Extensive irradiation experience-that can be employed to try and improve the understanding of the irradiation performance of U-Mo fuels that contain appreciable Si-has been gained with U-Si-containing fuels. [23] [24] [25] [26] [27] In fact, an LEU U3Si2 fuel has been qualified for use in research and test reactors [28] and, based on the irradiation of many samples, there is good knowledge about its irradiation performance, along with that of other uraniumsilicide fuels. For example, it has been shown that U3Si fuel does not exhibit optimal irradiation performance. Finlay , and the swelling behavior of LEU U3Si shows indications of breakaway behavior at around 6 10 21 f/cm 3 . [24] This suggests that there could be significant differences in irradiation performance dependant on the Si content of a U-Si fuel. Based on the TEM characterization of irradiated U3Si2 fuel, [23] it was concluded that, after irradiation, a narrow region (~1 μm) with a high concentration of bubbles is found in the FMI near both interfaces, either the fuel/FMI or FMI/Al matrix interface, with the latter depleted in U and Si. No bubble interlinkage could be identified in the fuel particle or FMI layer at the fission density of 5.4 10 27 f/m 3 . The TEM results showed that the bubble density was higher in the fuel than in FMI, but there was no sign of interlinkage. A large part of the FMI layer remained clear, with fewer bubbles than were observed in irradiated U-7Mo/Al-2Si fuel. Finlay et al. suggested that as 235 U fissions, the U/Si ratio decreases in U3Si2 fuel and the number of Si-to-Si bonds increases, which is much stronger than U-to-Si bonds. [24] This may be responsible for the reduced mobility of fissiongaseous atoms that are soluble in the fuel, may allow for fission-gas atoms to remain soluble longer, and may delay bubble coarsening. In References [24, 25, 27] , the microstructure of highly irradiated U3Si is shown where relatively large round fission-gas bubbles are present in the fuel, and smaller bubbles exist in the FMI layer of the U3Si particle. This suggests that when appreciable Si is combined with mainly U to form a phase, the fission gases in the material may be contained in relatively large round fission-gas bubbles. For irradiated U-Mo dispersion fuel, similarly large fission-gas bubbles can contain solid fission products. Compositional analysis has shown that Cs, Nd, Y, Zr, Sr, Ba, and Te have been observed within these solid fission products. [18, 29] Based on the characterization of the samples discussed in this paper and the research reported in the literature, the addition of Si to the Al matrix of U-Mo dispersion fuel does improve the irradiation performance of the fuel, in terms of reducing the growth of FMI layers and ultimatley increasing the fission densities that can be reached by the fuel during irradiation before fuel plate blistering occurs. In terms of the eventual irradiation limit of a fuel with approximately 8gU/cm 3 of uraniunum density, it has been observed that U-7Mo dispersion plates with Al-Si matrices that contain less than 6 wt.% Si exhibit unacceptable swelling behavior at burnups above 4.6 10 21 fission/cm 3 under relatively aggressive irradiation conditions (power, temperature, fission rate). [7] Based on the microstructural characterization of FIB samples generated for fuel plates with 2 and ~4.5 wt.% Si in the Al matrix that were irradiated to fission densities above 4.6 10 21 fission/cm 3 , as described in this paper, it has been determined that changes in the microstructure of the fuel plates, specifically in regions near the developed FMI layers, may contribute to the observed unacceptable swelling. As the microstructure evolves during irradiation, FMI layers grow in thickness. They also change in U, Mo, Al, Si, and fission-product content. The thickest layers have negligible Si, and the thinnest layers have the highest Si. Yet, even in the most Si-enriched layers, the Si content is heterogeneosly distributed. This suggests that if there is a positive effect of having Si present in the FMI layers in terms of improving radiation stability, the fact that the content varies so significantly results in an inconsistent effect. Si does not stay in the FMI layers during irradiation. It diffuses into the U-7Mo, where the U-7Mo becomes amorphous, and this results in the significant growth of fission-gas bubbles in these areas. This results in a transition in these areas of the U-7Mo microstructures from containing a fission-gas superlattice comprised of small fission-gas bubbles with significant fission gas to one that contains larger round fission-gas bubbles with lower fission-gas pressure. These larger bubbles could contribute to swelling changes of the fuel. In addition, solid-fission-product phases nucleate and grow in these larger bubbles. If these new solid-fissionproduct phases exhibit relativley low molar volume, they may also contribute to the swelling changes of the fuel. As the fission-gas bubbles grow, they could make contact and interlink, providing a pathway for fission-gas release. Signs of potential interlinkage can be observed in available optical micrographs, where the result is the development of cracks in the microstructure.
CONCLUSIONS
Based on the SEM analysis of polished and FIB samples produced from irradiated U-7Mo dispersion fuel plates with pure Al, Al-2Si and AA4043 matrices, the following conclusions can be drawn about the microstructure and development of FMI layers:
1. In a fuel plate with Al matrix, FMI will occur during fabrication and irradiation, resulting in the development of an amorphous interaction layer, after irradiation, that is comprised of U, Mo, and Al. At the FMI layer/Al matrix interface, the Xe content becomes enriched. 2. For fuel plates with Si in the matrix, different types of FMI layers with U, Mo, Al, and/or Si can form during fabrication, and amorphous layers with and without Si can be observed after irradiation. These layers can exhibit a wide variation in U, Mo, Al, Si, and fission-product content. Si is observed to migrate from the FMI layer into the U-7Mo fuel. Depending on the Si content in the U-7Mo, the U-7Mo can become amorphous and develop large bubbles under irradiation. 3. With respect to fission-gas-bubble size and location near the FMI layers, the fuel plate with pure Al matrix primarily exhibited some fission-gas bubbles at the U-7Mo/FMI layer interface and larger bubbles at the FMI layer/Al interface that appeared to create debonding of the interface. The fuel plates with Sicontaining matrices exhibited fission-gas bubbles within the overall FMI layer, and the largest bubbles were observed in a Si-enriched layer adjacent to the unreacted U-7Mo. The bubbles were round and generally larger than the more facted bubbles observed in the original U-7Mo fuel, and in most cases these bubbles contained solid-fission-product phases.
